SUMMARY
METHODS A N D MATERIALS
Studies were carried out in ten patients, six women and four men, aged 23-61 years. The diagnosis of essential hypertension was established by means of the customary screening procedures, such as intravenous urography and renography ( ['311]Hippuran). Patients were taken into hospital and were put upon a standard diet containing 3 g of NaCl daily. The following variables were measured or calculated : (1) intra-arterial pressure; (2) cardiac output (Indocyanine Green); (3) central blood volume; (4) central venous pressure (five patients); (5) plasma volume ('311-labelled human serum albumin; plasma volume was determined upon a separate day and blood volume was derived from venous haematocrit readings); (6) renal then readmitted 4 days before the second investigation for the adjustment of sodium balance to an intake of 3 g NaCl daily.
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All patients gave their consent after full explanation of the nature and purpose of the investigation.
RESULTS
Variables obtained during a steady state in the control period and during treatment are shown in Table 1 peripheral resistance increased in five patients and decreased in three. Renal blood flow was measured in nine patients, and decreased by 100 ml/min or more in four of them. Renal vascular resistance increased appreciably in four cases. Blood volume (not shown in Table 1 ) on average remained unchanged. Plasma renin concentration (also not shown) did not change consistently (before treatment 7*4&3-5 ng h-' ml-', during treatment 8*5+3-8 ng h-' ml-l).
Efects of acute volume expansion
These are shown also in Table 1 and Figs. 1 and 2. In the majority of patients volume expansion did not induce a marked rise in blood pressure, either before or during beta-adrenergic blockade. Cardiac output increased by 45% before treatment. During beta-adrenergic blockade the response was reduced to + 13%. The rise in cardiac output after volume expansion in the control period depended largely on an increase in stroke volume, the latter being practically abolished during blockade. The attenuation of the response of cardiac output is reflected in total peripheral resistance, which fell by 26% before beta-adrenergic blockade and by 11% upon the second occasion. Central venous pressure, measured in five patients, showed a marked increase in the control period but rose only slightly during beta-adrenergic blockade. Changes in cardiac output before and during beta-adrenergic blockade were closely related to those in central venous pressure (Fig. 2) . Intrathoracic blood volume increased before but not during treatment. The haematocrit, being slightly lower in the steady state during the period of treatment than in the control period, fell by a comparable degree in both periods. Renal blood flow increased by 23% in the control period. The response was variably affected by beta-adrenergic blockade; on the average the change was negligible. The effects on renal vascular resistance were also equivocal.
The mean increase in sodium excretion (54 mEq/2 h before treatment) was obviously depressed by beta-adrenergic blockade (26 mEq/2 h). In fact, what might be called a hypernatriuretic response was changed to a response within the normal range.
DISCUSSION
Depression of myocardial contractility is a known feature of beta-adrenergic blockade. This is particularly obvious during exercise (Epstein et al., 1965; Chamberlain & Howard, 1964) .
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In the present study the cardiac reserve was put to the test by acute saline loading. Before beta-adrenergic blockade a marked rise in cardiac output was observed. The increase was dominated by an augmented stroke volume. The latter response was nearly abolished during propranolol treatment, changes in pulse rate not being affected.
The inhibition of an increase in stroke volume by beta-adrenergic blockade at first sight could be interpreted as a depression of myocardial contractility. However, our observations on five patients in whom central venous pressure was measured during saline loading do not support this view. The rise of central venous pressure found before propranolol treatment was markedly reduced during administration of the drug, contrary to what would have been expected if myocardial contractility had been diminished. The relationship between changes in central venous pressure and cardiac output (Fig. 2) even suggests that the reduced response of cardiac output is due to the rise in central venous pressure being practically prevented by the drug's action. In accordance with these results the increase in central blood volume after saline infusion was also virtually absent during beta-adrenergic blockade. We therefore propose that the reduced response to salt loading during beta-adrenergic blockade is caused by an impairment of venous return, rather than by a depression of myocardial contractility per se.
The existence of such a mechanism might explain the lack of relationship between the initial level of cardiac output and the subsequent hypotensive response to beta-adrenergic blockade , contrary to the experience of Frohlich, Tarazi & Dustan (1969) . The slight inhibition of saline-induced changes in renal haemodynamics by beta-adrenergic blockade as observed in some patients may be explained by changes in systemic haemodynamics. Measurements of plasma renin concentration may provide a clue concerning the intermediary role of beta-adrenergic receptors in the renal cortex. In the steady state, plasma renin concentration was not consistently affected by beta-adrenergic blockade. Even in those patients in whom arterial pressure or renal blood flow were considerably lowered, no increase in plasma renin was observed. In the latter cases the absence of a rise in plasma renin is in keeping with the view that sympathetic nerve endings modify the control of renin release (Vander, 1965; Gordon, Kuchel, Liddle & Island, 1967) . In fact, propranolol has been shown to inhibit postural effects on plasma renin to the same degree as phentolamine (Winer, Chokski, Yoon & Freedman, 1969). We did not examine the effects of acute saline loading and beta-adrenergic blockade upon plasma renin concentration, since an earlier study has shown that plasma renin is not affected by acute saline loading (Schalekamp et al., 1971) .
The reduction of saline-induced natriuresis during beta-adrenergic blockade may depend on various factors such as a decreased blood pressure level, an attenuated response of cardiac output, a shift in renal haemodynamics or a blockade of beta-adrenergic receptors in the kidney. By the present methods it could not be established which factor was dominant. 
